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METHOD FOR CUTTING WORM AND WORM WHEEL IN A WORM- 
GEAR REDUCTION UNIT WITH CIRCULATION OF BEARING BALLS 
AND RELATED CUTTING TOOLS 

5 DESCRIPTION 

The present invention refers to a method for cutting worm and worm wheel in a 
worm gear mechanical power transmission system with circulation of bearing balls 
and to the related cutting tools. 

10 As it is known, mechanical speed reduction units of the so-called 'Vorm gear" kind 
are based on the mating of a worm with an helical worm wheel. As it is well-known, 
such reduction imits are used to obtain high transmission ratios. 
A drawback of the worm-gear reduction units lies in the fact that they exhibit low 
mechanical efficiency, due to the sliding between the bodies into contact, and low 

15 operative speeds. For these reasons, their use is actually limited to applications in 
which the powers involved are low. 

In an attempt to overcome said drawbacks, it has been proposed to mediate the 
contact of the sliding elements by bearing balls, i.e. by providing a system for the 
circulation of bearing balls entailing the passage from conditions of sliding friction to 

20 the more advantageous ones of rolling friction. An example of endless worm-gear 
reduction unit with circulation of bearing balls is illustrated in US 3,494,215. 
However, the Inventors found out that the worm-gear reduction units with circulation 
of bearing balls conceived to date do not exhibit a kinematically compatible worm - 
bearing balls - worm wheel mating, thereby not allowdng the free and perfectly 

25 confined circulation of the bearing balls in the corresponding guide races. In fact, the 
correct and continuous contact among the bearing balls themselves and between 
those and the sides of the races is not ensured. Such drawbacks are due to the 
inadequate modes of cutting the races onto the worm and the worm wheel that have 
been proposed to date. 
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The worm-gear reduction units with circulation of bearing balls conceived to date use 
basically the same cutting modes of the traditional sliding worm-gear reduction units; 
these modes are based on the definition of the profile of the worm, on the 
construction of the latter, on the construction of a suitable tool or hob with profiles 
5 identical to that of the worm but with an increased addendum and, lastly, on the use 
of such a tool or hob for the cutting of the worm wheel. When the contact between 
worm and worm wheel is mediated by the interposition of bearing balls, said 
traditional cutting mechanisms, above all in case worm and worm wheel are both 
globoidal, prove inadequate and, if applied, they cause an interference between worm 

10 and worm wheel, with a consequent sticking of the bearing balls, and/or an excessive 
slack of the latter in the related races, with a consequent loss of contact. The 
Inventors detected these relevant drawbacks by analyzing the worm and worm wheel 
mating conditions on planes differing firom the reference ones usually considered by 
the known art, as it will be detailed at the beginning of the detailed description of the 

15 invention reported hereinafter. 

The present invention is indeed based on the detection of the abovementioned 
drawbacks of the worm-gear reduction units with circulation of bearing balls 
conceived to date, and it consists of the proposed solution to a specific technical 
problem, i.e. that of providing a method for cutting and cutting tools overcoming the 

20 abovementioned drawbacks. 

Such a problem is solved by a method for cutting according to claim 6. 
According to the same inventive concept, the present invention fiirther refers to a 
generating device according to claim 1 and to a tool gear according to claim 3. 
Preferred features of the present invention are present in the dependent claims 

25 thereof 

The present invention provides several relevant advantages. 

The main advantage of the invention lies in that, v^th the process for cutting the 
races onto the worm and the worm wheel proposed by the present invention, it is 
attained, in any section of the mated bodies, a configiuation of the races obtained on 
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worm and worm wheel apt to ensure a correct guide for the bearing balls, writhout 
sticking and without excessive slacks, in their rolling onto the related mating surfaces 
of the races. 

5 Other advantages and features, as well as the operation modes of the present 
invention will be made evident in the following detailed description of some 
embodiments thereof, given by way of a non-limiting example. Reference will be 
made to the figures of the annexed drawings, wherein: 

Figure 1 shows a view of the section of a general worm - worm wheel mating taken 
1 0 along the median transverse plane of the worm; 

Figure 2 shows the same view of Figure 1, highlighting some significant variables; 
Figures 3 A and 3B each schematically illustrate the modes of cutting the worm wheel 
of Figure 1 and, in particular, of an angular sector thereof; 

Figure 4 illustrates the general trajectory of the center of the cutting toolj in the 
15 operation of cutting the worm of Figure 1; 

Figure 5 shows the section of the worm of Figure 1 with its axial plane, coincident 
with the median transverse plane of the worm wheel, and it highlights some 
significant variables thereof; 

Figure 6 shows a section of the worm — worm wheel mating of Figure 1 with the 
20 median transverse plane of the worm wheel; 

Figure 6A shows an enlarged detail of Figure 6; 

Figtire 7 shows a section of the worm - worm wheel mating of Figure 1 with a 
transverse plane of the worm wheel parallel to that of Figure 6; 
Figure 7A shows an enlarged detail of Figure 7; 
25 Figure 8 shows a sectional view, with a plane parallel to the median transverse plane 
of the worm wheel, of an embodiment of the worm-gear transmission system with 
circulation of bearing balls according to the present invention; 

Figure 9 shows a perspective view of a scheme of cutting tool according to the 
invention (generating profile); 
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Figure 10 shows a perspective view of the cutting element of Figure 9 and of the 
worm during the cutting of the races on the latter according to the invention; 
Figure 1 1 schematically illustrates the motion of the cutting element for the worm in 
the axial plane of the worm coincident with the median transverse plane of the worm 
5 wheel; 

Figure 12 exemplarily shows some reference start points of the subsequent cutting 
passes of the worm of the present invention; 

Figure 13 schematically illustrates the modes of cutting the worm in the median 
transverse plane of the latter according to one of the modes for carrying out the 
10 invention (the views in the direction of the axis of the cutting edge of the tool and 
that from B highlight the circular configuration of the cutting edge and the rotation a 
of the toolholder axis, respectively); 

Figure 14 schematically illustrates two subsequent passes for cutting the worm 
according to the present invention in the median transverse plane of the worm wheel 
1 5 and in a plane parallel to the latter plane. 

Figure 1 5 shows a side view of the worm 2 of Figure 8; 

Figure 16 shows a sectional view of the worm of Figure 8, with a transverse plane of 
the worm wheel, i.e., a plane parallel to the median transverse plane of the worm 
wheel itself, after a single machining pass; 
20 Figure 16A shows a detail of the worm of Figure 15 upon completion of a number of 
machining passes; 

Figure 17 shows a side view of the worm wheel 3 of Figure 8; 
Figure 18 shows a perspective view of an embodiment of the tool worm wheel 
according to the invention; and Figure 19 shows a perspective view of the tool of 
25 Figure 9, in which its correspondence to the tool worm wheel of Figure 18 is 
indicated. 

A worm-gear transmission system with circulation of bearing balls manufactured 
according to the invention, in particular a reduction unit, is shown in Figure 8 and 



wo 2005/089996 



PCT/IB2005/050898 



-5- 

generally denoted by 1 . The system 1 comprises a worm 2 and a worm wheel 3 mated 
by interposition of bearing balls 4, the latter apt to roll within races obtained onto the 
worm 2 and the worm wheel 3 and denoted by 20 and 30, respectively. Both the 
worm 2 and the worm wheel 3 have a globoidal profile, thereby exhibiting a 
5 revolution side surface having a double curvature. The selection of profiles both 
globoidal for the worm and the worm wheel ensures the highest possible number of 
bearing balls simultaneously into contact on the worm and worm wheel races, 
thereby allowing the transmission of engineeringly significant powers. From a purely 
kinematical standpoint, another advantageous aspect of the globoidal shape of both 
10 elements consists in an improved capability of guiding the bearing balls inside the 
races obtained onto the globoidal elements themselves. 

Moreover, in system 1, worm 2 and worm wheel 3 are mated with the respective axes 
thereof skew and, in particular, orthogonal. 

The methodology for cutting the worm 2 and the worm wheel 3 of system 1 will be 
15 disclosed later on. However, in order to better appreciate the contribution of the 
invention, hereinafter first it will be reported a study, performed by the Inventors, on 
the traditional worm and worm wheel cutting methodologies, said study highlighting 
the drawbacks of the cutting systems developed so far and already mentioned in the 
introduction. 

. 20 In the foregoing as well as hereinafter, conventionally for ^transverse plane**, "normal 
plane" and "axial plane" there have been and will be indicated a plane perpendicular 
to the axis, a plane perpendicular to the line of the sides, and therefore to the helix, 
and a plane containing the axis, respectively. 

Figure 1 shows a sectional view of a general globoidal worm V - globoidal worm 
25 wheel R mating, of the kind with circulation of bearing balls and haying orthogonal 
axes, which section is taken along the median transverse plane of the worm. 
In order not to have such worm and worm wheel interfering with one another during 
their relative motion, the outer surface of the worm wheel should have, in any 
transverse plane of the worm, a curvature radius Rr not smaller than the Ry radius of 
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the worm itself. Such a relation between curvature radiuses of worm and worm wheel 
in the transverse planes of the worm becomes more and more critical going from the 
median transverse plane of the worm to the transverse end planes thereof, in which 
the worm has a curvature radius greater than that had in its central transverse plane. 
5 One of the ways to comply with the non-interference condition in said transverse end 
planes of the worm is to set the corresponding curvature radius of the worm wheel 
equal at least to the curvature radius of the worm in said end planes. However, 
shifting toward the transverse median section of the worm, this solution causes an 
increase of the gap between the mating surfaces of the worm and of the worm wheel. 

10 As already mentioned in the introduction, with reference to the actual patent 
literature, the worm - worm wheel mating has always been studied solely in the two 
reference planes, and precisely the transverse median plane of the worm , wheel, 
containing the axis of the worm, and the transverse median plane of the worm 
containing the worm wheel axis, the latter coincident with the plane of Figxire 1 . 

15 However, the Inventors found out that the triaxial study of the contact, in planes 
parallel to said two reference planes, highlights worm - worm wheel interferences all 
the more marked the farthest the planes are from the reference planes, as shown in 
the following. 

Figure 2 again illustrates the general worm V - worm wheel R mating; in such figure 
20 some quantities significant to the following discussion are indicated. The XY plane 
of Figure 2 is transverse for the worm, whereas the YZ plane is transverse for the 
worm wheel . By convention, the curvature radiuses of worm and worm wheel are 
denoted by subscript "1" when referred to a transverse plane of the worm wheel and 
by subscript "2" when referred instead to a transverse plane of the wonn. The apexes 
25 "r" and 'V* denote the worm wheel and the worm, respectively. 

The number of races (or starts) onto the worm and the worm wheel defines the 
angular pitches p'^ang and p^'ang of the worm wheel and of the worm, respectively. 
Denoting by Zstan the number of starts of the worm, the relation 

P^'ang =p''ang -Zj;^,. 
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applies. Considering that a full revolution of the worm causes on the worm v/becl a 
rotation equal to the angular pitch of the wonn, the transmission ratio x is defined by: 

P ong Z^^^^^ ' P ang 

As it is schematically shown in Figures 3A and 3B, the trajectory of the cutting tool 
5 that has to obtain the races onto the worm wheel, in the conventional cutting modes, 
is defined by a cylindrical helix having constant radius that represents the locus of the 
subsequent positions of the centre of the cutting edge. The coordinates (xp, yp, Zp) of 
said trajectory, related to the worm - worm wheel configuration of Figure 2 and in the 
reference system reported therein, are as follows: 
Xp=r2'^-sin(Y) 

,0 y p = ^2'^ • cos(y) - (r^*^ - rj^min ) ^ 

Zp=Pel Y 

wherein the various symbols denote: y the anomaly of the point crossing the cutting 
cylindrical helix in the transverse plane of the worm; 12^ the curvature radius of the 
pitch line of the worm wheel in the XY plane; r2^^min the minimum curvature radius 
of the pitch line of the womi in its median transverse plane; pd the pitch of the helix. 
IS Always with reference to Figures 2, 3 A and 3B, the pitch pd of the cylindrical helix is 
measured along the generatrix of the cylinder onto which it wounds; therefore, the 
relation: 

Pd ~~ M " P 

applies, wherein ri'^'mm denotes the minimum curvature radius of the pitch line of the 

20 worm wheel in a transverse plane thereof. 

The cutting procedure of the womi wheel described above applies, though with 
further complexities, to the cutting of the races onto the worm. In fact, with reference 
to Figures 4 and 5, in this latter case the cutting of the races is carried out according 
to a cylindrical helix having a variable radius, denoted by rsp in Figure 5, winding 

25 about a solid (the worm being formed) having variable radius, which helix represents 
the locus of the subsequent positions of the center of the cutting edge. The helix 
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angle varies with the angle G, which describes the subsequent ^gular positions 
assumed by the cutting element in the YZ plane. In particular, the helix angle 
decreases when going toward the transverse end planes of the worm. 
The coordinates (x, y, z) of such helical trajectory of the cutting edge, in the reference 
of Figure 5, are as follows: 



x = r^sm 



in(x.e)=(i 



fj'^niiD + r,'^mtn ' (l - COS9 



))-sinj^ 



In 



p ang J 



= r^p • cos(t • 9) = (rj'^min + rj'^min • (l - cosB))- cos[ -9 ] 

^^P ang 



z-ty^ ■sin9 



wherein 



vp 



— T2 *^min "I" Tj min 



(l-cos9). 

10 Therefore, also fof the worm it is used, in the known art, a cutting profile identical to 
that used for the womi wheel, i.e. consisting in a circular profile whose centre 
describes the above-defined helix. 

The result of the ciitting of womi and worm wheel by the above-described 
conventional modes is depicted in Figures 6 and 6A (showing the matings of the 
15 races in the sole section obtained with the transverse median plane of the worm 
wheel - which is one of the abovementioned reference planes) and in Figures 7 and 
7A (showing the matings of the races in the sole section obtained with a plane 
parallel to the preceding one). 

As it may be appreciated from said figures, and in particular from Figures 7 and 7A, 
20 the center of the osculating ball related to each race onto the worm wheel gradually 
moves away from the center of the osculating ball related to the corresponding race 
onto the worm when gradually diverging from the reference plane of Figures 6-6A;. 
thus, a "circumferential shift" occurs which in fact prevents the passage of the 
bearing balls and therefore their free circulation. In other words, the bearing balls are 
25 "compressed" and do not have the physical space in which to pass without 
interference, thereby sticking. 
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Hence, the cutting modes conceived to date for the matings of worm and worm wheel 
with circulation of bearing balls do not lead to the definition of a kinematically 
correct mechanism; the more the sectioning plane considered diverges from the 
reference planes, the more such a defectiveness is increased. 

5 

The present invention, starting from the detection of the inconsistencies of the worm 
- bearing balls - worm wheel kinematic systems conceived to date, proposes an 
innovative method for cutting that overcomes the inconsistencies themselves. 
Hence^ hereinafter there will be described the modes for cutting the races 20 obtained 
10 onto the worm 2 and the races 30 obtained onto the worm wheel 3 of Figure 8 
according to the present invention. 

As for the cutting of the races onto the worm 2, this is of an envelope type. In 
particular, the cutting is carried out according to a cutting profile obtained 
substantially as envelope of the subsequent positions assumed by the bearing balls 

15 perfectly confined within the races of the mating worm wheel. 

According to a first embodiment of the invention, the cutting is carried out by a 
single cutting element 5 the profile of which substantially corresponds to said 
envelope. The concept of such a cutting element 5 is shown in Figure 9, whereas 
Figure 10 schematically shows the action of said element S to obtain the races 20 

20 onto the worm 2. With reference to these latter two figures, the cutting element 5 is 
made in the form of an angular portion of the worm wheel 3 onto which it is added 
the envelope of the position of a bearing ball 4 perfectly confined within the race 30 
of the worm wheel itself, with a diameter equal to that of the circulating bearing ball 
apart from the clearance required for operation. The subsequent positions of the 

25 bearing ball center, generating said envelope, lie onto the cylindrical helix having 
constant radius defined by equation (I) (reference cylindrical helix). 
♦ According to this first embodiment, the generation of races on the worm 2, for a 
single start, occurs by a solid subtraction obtainable by imposing to said cutting 
element 5 and to the body of the worm 2 the same reciprocal motion of the worm 
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wheel 3 - worm 2 mating of system 1 being constructed, i.e. assigning to the cutting 
element 5 and to the worm 2 a relative rotation corresponding to the transmission 
ratio desired for the worm - worm wheel mating being constructed. Said process can 
be generalized for the cutting of other optional starts. Figure 1 1 schematically 
5 illustrates said cutting motion given to the worm 2 and to the cutting element 5 in the 
YZ axial plane of the worm 2, coincident with the transverse median plane of the 
worm wheel. In this latter figure, the general angular position of the cutting element S 
is denoted by 0(t) and the reference system integral to the cutting element itself by 
X'Y'Z'. 

10 Always with reference to Figure 11, the rotations ^ and 9 of the worm body 2 and of 
the cutting element 5 are bound by the following relation: 



wherein t denotes the desired transmission ratio, p^'ang the angular pitch of the worm 
2 and ^ the rotation of the worm 2 about its axis. 

15 

In a second different embodiment, the cutting motion by envelope can be obtained by 
discretizing the cutting element of Figure 9, assumed as generating profile, into 
predetermined cutting subprofiles. This entails considering a predefined number of 
reference points of the generating profile (Figure 12) of the cutting element of Figure 

20 9 (preferably corresponding to different subsequent positions of the center of the 
enveloping ball), lying onto the reference cylindrical helix of equation (I), to each of 
which points there being given the worm 2 - worm wheel 3 coupled motion defined 
by the transmission ratio. Said coupled motion of each reference point corresponds, 
for each of them, to an own trajectory thereof describing a helix having a variable 

25 radius about the worm, described by an equation in the form of (II). 

Preferably, these reference points consist in the centers of the sections of the profile 
of the cutting element, sections that are the envelope of the position of the ball 
circulating inside the worm wheel race, with a diameter equal to that of the 
circulating ball apart from the clearance required for operation. 
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More specifically, in Figure 12 there are reported, by way of example, six reference 
points, lying onto the section of helix having constant radius defined for -yi < y < yi , 
where yi denotes the maximal anomaly corresponding to the two transverse end 
planes of the worm wheel (Figure 2) and measured in a transverse plane of the worm. 
5 Such a definition range practically corresponds to the face width of the worm wheel, 
said width already denoted by L in Figure 2. 

To each of the predefined reference points it is possible to associate ai classical plane 
tool, oriented according to the helix onto the worm wheel, with a circular profile of 
the cutting edge. 

10 Of course, it is also possible to use a sii^le plane tool with a circular profile of the 
cutting edge to which different cutting trajectories are given for each of the reference 
points defined. In such a case, each cutting trajectory of the tool translates into a helix 
having a variable radius with a different initial position, depending on the preselected 
reference point, corresponding to the giving of a worm-tool coupled motion 

15 complying with the desired transmission ratio of the worm - worm wheel kinematic 
pair being constructed, with a different initial position of the cutting edge. Therefore, 
such a worm - worm wheel coupled motion is to be given to the single plane tool for 
each of its subsequent passes. 

Hence, with each of the preselected reference points it is possible to associate a 
20 machining pass. The sequence of the different cutting trajectories, each of which 
corresponding to its own reference point, reconstructs, by envelope, the cutting of the 
tool of Figure 9 (generating profile) apart for the approaching motions of the tool 
itself, defining the final shape of the slot onto, the worm. 

The diameter of the circular cutting edge is equal to the diameter of the circulating 
25 bearing ball with the addition of the clearance required for operation. 

Figure 13 schematically illustrates the modes for cutting the worm in the transverse 
median plane of the latter in case a single tool having a circular cutting edge is used 
for one of the subsequent cutting passes. In Figiire 13, A' denotes the axis of the 
worm wheel and A' that of the circular cutting edge. As it is shown in said figure, in 
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order to reproduce the generating profile (5), i.e. the cutting of the tool of Figure 9 
(corresponding to the envelope of the bearing ball circulating inside the race of the 
worm wheel) it is necessary to ensure that the circular profile 6 of the cutting edge be 
constantly arranged, during the cutting operation, in the plane normal to the trajectory 
5 of the center of the circular cutting edge in the relative motion between the latter and 
the worm to be cut and with the toolholder axis A'' incident to the axis of the 
reference cylindrical helix having constant radius represented by equations (I). Thus, 
with the plane tool having a . circular cutting edge there are obtained cut profiles 
having circular section in the planes normal to the trajectory and elliptical profiles in 

10 all the other planes. 

Practically, this translates into the definition of the rotation a of the toolholder about 
its own axis A** of Figure 13 (obviously, the rotation a may be imposed to the 
toolholder arm having axis Y ) and of its arrangement with an angle y with respect to 
the Y axis of Figure 13. The rotation a is the variation, as a fimction fi-om the 

15 rotation angle 9, of the inclination angle of the helix with respect to a transverse 
plane of the worm. Since: 

tana = -^ 

bearing in mind that the linear pitch of the spiral equals: 

Psp =ri'^mm -p^ang 

20 whereas the radius of the worm helix is: 

= Tj'^inin + Tj'^min • (l - COS Q) , 

it is obtained the following law of variation of the helix angle a depending on the 
rotation angle 0: 

rp V 
/*! min • P ang 

25 or = arc tan ~ — j-— ^ ^ . (ill) 

ItT ' min + T, '^min • (1 - COS^ )) 

Hence, with reference to Figure 13, during the cutting motion, obtained by imposing 
to the worm a rotation ^ = t-9 about its Z axis and to the toolholder a rotation 0 in the 
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YZ plane of Figure 1 1, the toolholder axis A** should rotate about itself, depending on 
the angle 9» of the angle a defined by relation (III). Moreover, during said machining, 
the toolholder axis A** should constantly be arranged, in the XY plane, withTespect to 
the transverse median plane of the worm wheel, with the angle y, indicated in Figure 
5 13 , corresponding to the initial position of the reference point of the machining pass 
at issue (angle y is different for each subsequent machining pass). The toolholder arm 
should be arranged so that the toolholder axis A^ is arranged with an angle y exactly 
equal to the one that has enabled the definition of the reference point onto the helix 
section of eq. (I). 

10 Figure 13 refers to the tool motion corresponding to a determined reference point 
lying onto the length of reference cylindrical helix having constant radius of eq. (I), 
depending on the preselected angle y. For all the other reference points (initial "pass" 
points) there should be carried out the same type of envelope, consisting of the two 
rotations ^ and 6, taking care to keep unvaried the position of the rotation axis X' of 

15 the tool (notwithstanding the lengthening of the initial arm thereof) and therefore the 
cutting inter-axis (coinciding with the working one of worm and worm wheel), as 
indicated in Figure 14. 

Analytically, the relative motion of the center Pj of the cutting edge with respect to 
the worm is described parametrically, for each of the reference points lying onto the 
20 length of reference cylindrical helix of eq. (I) ranging between -yi < y < yi , by the 
following relations, referring to a right-hand helix trajectory having variable radius 
like that described by eq. (II): 



25 



' cos(r • ,9) sin(r • S) 0 
-sm(r '.9) cos(r '.9) 0 
0 0 1 





"10 0 ' 










0 cosi9 -sini9 










0 sini9 cosi9 









' cos(r -,9) sin(r -.9) 0 
-sin(r -.9) cos(r i9) 0 
0 0 1 





0 




I 




0 



wherein the subscript Pi,e denotes the generic position of the point P; in presence of a 
rotation 6. 

By following this expression for each of the n initial machining reference points Pj, 
lying onto the length of reference cylindrical helix of eq. (I) ranging between -yi < y < 
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Yi, the desired n cutting passes are obtained. To each machining pass there 
corresponds, in the relative motion of the centre of the cutting edge with respect to 
the worm, a cylindrical helix having variable radius described by an equation of type 
(II) and of the type of that described in Figure 4 (corresponding to a single cutting 
5 pass carried out with an initial point Pj related to an angle y=0) . 

In light of the foregoing, in the present embodiment the operation of cutting with a 
single tool having a cutting edge with circidar head can be articulated in the 
following steps: 

10 (a) identifying n reference points Pj onto the reference cylindrical helix having 
constant radius of eq. (I) containing the centres of the profile of the cutting 
edge of Figure 9 (generating profile); each point is defined by an angle -y i < y < 
-y I in equation (I) and corresponds to one of the n machining passes envisaged. 

(b) positioning and orienting the tool in a plane transverse for the worm - 
15 coincident or parallel to the XY plane of Figure 13 - in the z-th reference point 

Pj (for the first pass, e.g., in the point P\ corresponding to yj = -y i ) with an 
inclination angle yj of the toolholder axis A** with respect to the Y axis; 

(c) positioning the tool in the corresponding transverse plane of the worm wheel - 
e.g. the YZ plane of Figure 14 - in the initial position of the cutting motion of 

20 the i-th pass, corresponding to the. angle = -0^ - p^'ang ; 

(d) adjusting the distance between centers of the /-th pass (according to the 
diagram of Figure 14) corresponding to the i-th angle y\ (point Pj) ; 

(e) performing the cutting motion of the /-th pass (rotation <|)(t)= T-e(t) of the worm 
along its Z axis and rotation 9(t) of the toolholder in the YZ plane), complying 

25 with the toolholder orientation given by rotation a ; 

(f) passing to the subsequent position Pj lying onto the length of reference 
cylindrical helix having constant radius of eq. (I) (angle yO and returning to step 
(b) up to the last reference point (e.g. yi = +yi). 
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The array of steps (b), (c), (d) defines the correct initial positioning and orienting (in 
space) of the center of the tool for the i-th pass with respect to the worm (correct 
positioning and relative orienting between the center of the tool and the worm). 
The result of said operations of cutting by envelope of the subsequent n passes is 
5 depicted in Figure 15. 

In Figure 16 it is depicted a section of the worm obtained with a plane parallel to the 
transverse median plane of the worm wheel after a single pass of the tool, 
corresponding to the angle y==0. Instead, Figure 16A shows the result of the cutting by 
envelope obtained with all the subsequent passes at a race. Since the latter Figure 

10 refers to a section comprised between the transverse median one and the transverse 
end section of the worm wheel, evidently about the central bearing ball the race onto 
the worm 2 has a clearance more marked in the right-side portion. 
The process for cutting by subsequent passes with a tool having a circular cutting 
edge of the present embodiment is not the only viable one in order to obtain the 

15 desired races. In fact, for passes subsequent to the median one (y=0) the cutting may 
be carried out by, e.g., a cutter having a spherical head provided with rotary cutting 
motion with respect to the toolholder axis A^; in this case, it is no more necessary to 
ensure the control of the angle a along the tool axis A^, indicated in the preceding 
step (e) and highlighted in Figure 13. 

20 According to a different embodiment, the cutting is carried out by a single pass, apart 
for the approaching motions of the tool, using a cutter having a spherical, ellipsoid- 
shaped or, even more generally, revolution* ovoid - shaped head. 
. Moreover, with a further embodiment it is possible to obtain the desired races by a 
tool gear developed ad hoc and consisting in a worm wheel onto which it is mounted 

25 a plurality of cutting edges having circular head arranged in planes orthogonal to the 
axis of the reference cylindrical helix having constant radius of eq. (I), characteristic 
of the generating profile (5) of Figure 9. In order to obtain the desired cutting of the 
races 20 onto the worm 2, apart from the approaching motions, it is imposed to the 
worm being cut a rotative motion about its axis and to the tool gear the coupled 
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motion of rotation deriving fix>m the set transmission ratio. Thus, the cutting 
operation becomes particularly advantageous, because it is obtained with a 
continuous generating motion, with no need of repositioning the tool. 
A non-limiting exemplary embodiment of said tool gear (with six cutting edges) is 
5 shown in Figure 18. Such a tool gear, denoted by 7, has a globoidal worm wheel - 
shaped main body 8 that can be mounted to a suitable support by a suitable seat 9. 
The main body, at its peripheral globoidal surface, has a number of cutting edges 
referable to six different positionings of the profiles, denoted by numerals I to VI, 
respectively; each of the profiles corresponds to a portion of the cutting edge of 
10 Figure 9 associated with a determined reference point of the length of cylindrical 
helix of the generating profile of Figure 9, as shown in Figure 19. 

As for the cutting of the races onto the worm wheel, this can be the traditional one 
described above, since the helix angle of the trajectory of the relative motion between 

15 worm wheel and tool during the cutting is constant. Hence, it sufiGces to give a 
helical motion to the cutting profile, taking care to set for the normal to the tool 
profile an angle with respect to the X axis equal to that of the helix described in the 
motion. This procedure should be adopted for the cutting of a single race. Therefore, 
to obtain the cutting of the entire worm wheel it should be repeated to completion of 

20 the round angle. 

The result of said operations of cutting the worm wheel is shown in Figure 17. 

The proposed methodology allows also to translate the depth of the cutting of the slot 
in the worm and in the worm wheel, increasing the one and decreasing the other one 
25 of the same quantity, thereby modifying the pitch circle radiuses of the worm and of 
the worm wheel. In practice, this variation consists in the modification of the radiuses 
of the helices. In this way, basically a repositioning of the races of the bearing balls 
along the direction of the inter-axis is attained. 
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It will be understood that the modes for cutting of the invention allows to 
manufacture worm and worm wheel matings with circulation of bearing balls 
complying with any specific design or technological application. 

5 The present invention has hereto been described with reference to preferred 
embodiments thereof. It is understood that other embodiments may be envisaged, all 
to be construed as falling within the protective scope thereof, as defmed by the 
appended claims. 



